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THE USE OF N’? COMPOUNDS IN DETERMINING 
ORGANIC STRUCTURES AND MECHANISMS 
By DOROTHY J. BEAVERS* 


The remarkable progress made in organic chemistry during the past thirty years has 
solved a great many problems of long standing dealing with nitrogenous substances. 
The principal ones are certain cyclizations i in which one of the two nitrogen atoms 
originally present is eliminated, the structure of the aliphatic diazo group, the azide 
group, and some decompositions and rearrangements. By the use of substances con- 
taining the N® isotope, considerable progress has been made in their solution. Some 
mechanisms have been established, and the correct one of several isomeric structures 
has been pointed out in many instances. Other applications have been found useful, 
as will appear in this survey. 
% Many problems in organic chemistry, in which the use of the N® isotope can be a 
valuable aid, are still awaiting sella, Among these are debatable mechanisms, 
‘rearrangements, and reaction kinetics. The use of N® is of great value to the bio- 
chemist 1n determining biological functions and reactions. 


Ring Closures 


Perhaps the earliest utilization of N™ was its application by Allen and Wilson (1) 
to the Fischer indole synthesis from phenylhydrazine. Their work showed that the 
only acceptable mechanism of ring closure was that advanced a decade previously by 
Robert Robinson. The authors made use of a-labeled phenylhydrazine, C;H;N*- 
HNH:, from which a-phenylindole, still containing the heavy nitrogen, resulted. 


CeH,N HNH, + CH,COC,H, —> a a oo | —— 
15s_N — 'S-NH 
N~ 
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Pi die —* a: a CH 
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This mechanism was recently confirmed through the work of Clusius (2), who pre- 
pared a-methylindole from 6-labeled phenylhydrazine, CcHs;NHN*H2; in this 


instance, the isotopic nitrogen was evolved as N5H;. 
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According to Clusius, the isotopic distribution in the synthesis of 2-aminobenzo- 
thiazole from 1 -phenylthiosemicarbazide (2) with B-labeled phenylhydrazine is an 
even more convincing argument in favor of an w,w’-diamine intermediate. At the reac- 
tion temperature of 130° C., a tautomeric equilibrium i is rapidly taking place as the 
ring closure occurs, and, since the cyclization occurs with both tautomeric forms, the 
end products are always formed in equal proportions. 
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Traube’s uric acid synthesis is also analogous (3). When uric acid is prepared from 
4,5-diaminouracil and N® urea, a// of the ammonia liberated comes from the labeled 
urea while the amino groups of the uracil are quantitatively converted to the imida- 
zole ring of the acid. Cavalieri (3) studied the preparation of uric acid from uramil 
and N® urea, and from 4,5-diaminouracil. By means of the labeled uric acid thus 
prepared, he studied the mechanism of oxidative cleavage of uric acid in three ways, 
1.e., with alkaline potassium permanganate, nitric acid, and chlorine. 


Structure of Aliphatic Diazo Compounds 


Whether ethy]! diazoacetate (and other aliphatic diazo compounds) exists as a ring 


i >cH— or open chain —— has been debated for many years. When the 


ester was prepared from glycine ester hydrochloride and labeled sodium nitrite, and 
the ethyl diazoacetate was reduced to glycine and ammonia, the isotopic distribution 
supported the case of the chain by the formation of glycine and heavy ammonia (4). 


+ (H] 
ROOC CH,NH,+ HCI + NoN'°0, —+> ROOC—CH=N=N' —> HOOCCH,NH, + NIH 
, ® © ii : 


Had the ester existed as the ring form, the two almost identical C-N" and C-N*® 
bonds would have been broken and the following isotopic distribution would have 
been expected: 


YN 
15 15 
ROOC 6 > 1/2 HOOCCH,NH, + 1/2N°H, + 1/2 HOOCCH,N’H, + 1/2NH,. 














Structure of Azides 


Before considering organic azides, the azide ion itself merits consideration. 
Curtius’s concept that the azide ion existed as a ring stood for eighty years, while 
that of others, such as Thiele-Angeli, assumed a chain form. By means of N*, it 
definite structure has been determined. Labeled hydrazoic acid, HNNN® (5), was 
prepared from heavy ethyl nitrite and hydrazine hydrate in the presence of potas- 
sium methoxide, according to Thiele-Stolle. The labeled acid was subjected to exten- 
sive reduction and oxidation reactions. From the isotopic examination of the various 
reaction products, it was proved that the linear structure of the azide ion was the 
only possible configuration. The isotopic labeling distinguished the central nitrogen 


Lae: 


ey - a from the end atoms of the azide ion. 


The organic azide, C;H; NNN", was synthesized from ordinary phenylhydrazine 
and labeled nitrous acid (6). Unexpectedly, it was found that the reaction proceeded 
by at least two paths, since not only CsH;NNN® but also some CsH;sNN"®N was 
found. It appears, therefore, that both a- and 6-nitrosophenylhydrazine are inter- 
mediates in the reaction. The percentages of the a- and 6-isomers depended greatly 
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C.H.—N—NH ] — > C.H.N=N=N 
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C,HNHNH, + HNO, n'°9 
a y A 
CgHaNHNHN'*O | ==. C,H.N==N=N'> 
“i © © 
upon the diazotization temperature. 
r a ee se 
Two labeled phenyl azides, e's’ “sa © and ©.4,N= a bas were prepared so 


that the three nitrogen atoms were joined together in a definite structural order, 
using benzenediazonium perbromide (7); this reaction gives an isotopically pure 


product. The equations illustrated below are for the pheny] azide, CSHH;N =N =N. 


+ 
C.H,.N-H, +> HCI! + HNO, —~> [ests —N7 =n | cr +e, -—> 


6''S 2 2 6''5 = 3 
© © 
Hee ® 15 
CgH,—N =N| Br5 — > CH.N=N=N + 3NH,Br 
© @ CO 
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The labeled phenyl azide was decomposed with hydrochloric acid to p-chloroaniline 
and nitrogen. The conversion of the phenyl azide into diazoaminobenzene was 


HCl © 
C.H.N'°=N = N —> CIC,H.NH, + N=N 


oS & 


accomplished with phenylmagnesium bromide, and the complete reduction of the 
labeled diazoaminobenzene gave aniline and ammonia. Isotopic analyses of the 


C,H.MgBr [6H] 
CaH,N ee N= N 2 > C,H,N==N—NHC,H, —— 
® © H,0 


15 
O,H.N H, + NH, + CgH,NH, 


reaction products were made at each step in these reactions. The isotopic, labeled 











phenyl azide, c,H,\N=N =N ,, was prepared from ordinary aniline and labeled ni- 


trous acid. Similar reactions to those illustrated were performed, except that the 
labeled nitrogen atom is found on the central nitrogen of the azide ion. Results 
showed that the nitrogen atoms in phenyl azide can only be linear. The assumption 
of the ring form should therefore be abandoned permanently from any further dis- 
cussion. 

Phenyl azide was prepared from benzenediazonium salts and phenylhydrazine 
salts in mineral acid solution. Through labeling with N", it was found that this reac- 
tion proceeded in two ways, as in the equation below, probably through a tetrazine 


— 4 + N Fe “— — NH — — 
[Cote =n] H, NHC.H, O,H.N ca N H—NH C,H, 


15 15 
CeH.N NN + H,NC.H, C,.H.N-H, + NNNC.H, 


intermediate (8). The reaction temperature greatly influenced the distribution of 
products isolated. 


Decomposition Reactions 


Phenylhydrazine was decomposed by distillation under atmospheric pressure in 
the presence of copper salts in a hydrogen atmosphere, according to the equation 
given by Clusius (9). This-is one of the few reactions in which an aromatic carbon- 
nitrogen bond is broken. 


15 15 


15 — 
20,H,NHN ChH,NH, + N=N + NH, + C,H, 


Labeled N,N-diphenylhydrazine decomposed according to the reaction (g): 


i5,, 270°C 15 15 
3(O,H,), N N H, —> = 3(QHS),NH + Nz +N H,- 


In this case, the strong carbon-nitrogen bond was not broken. The cracking mecha- 
nism proposed for the reaction involved the (CsH;)2-N, N°H2, and (CsHs)2—N-N"H 
radicals in a four-step chain reaction. 

The thermal decomposition of labeled hydrazobenzene to azobenzene has been 
studied by Holt (10), who established that the disproportionation involved no fission 
of the N-N bond. The photochemical decomposition of labeled hydrazobenzene to 
azobenzene was also studied and the mechanism is thought to be similar to the 
thermal decomposition. 


Rearrangements 


The Curtius rearrangement of 3,5-dinitrobenzazide has also been examined (11). 
The labeled azide was prepared from 3,5-dinitrobenzhydrazide and labeled nitrous 
acid. Thermal decomposition of the azide gave heavy nitrogen, and, upon hydrolysis, 
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normal 3,s-dinitroaniline. This finding confirms the currently accepted mechanism 
of rupture of the a, B-nitrogen bond, followed by the elimination of nitrogen. These 


NO, mS 
C—N—NH, + HNO, —> —N=N=N”> o> 
a B Y 
NO, NO, 
NO, NO, 
+ 
N=C=0 + N=N™ +N, > NH, 
~31%  -69% 
NO, NO, 


results eliminate any possibility of a cyclic intermediate, or intermolecular exchanges 
of azide ion. 

In the preparation of N-methyl-p-nitrophenylcyanamide (12) from excess diazo- 
methane and labeled p-nitrobenzenediazonium chloride, it appears probable that the 
nitrile may have resulted through a new type of sextet rearrangement of carbonium 
ions, as in Path A. Another possibility of the nitrile having formed through a tetra- 
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O.N u~CoEN O.N 
CH; 


zole intermediate along Path B was discarded, since all of the heavy nitrogen was 
found in the cyano group of the end product. 


Miscellaneous Reactions 


Interesting and completely unexpected results were obtained when a diazonium 
salt was allowed to react with azide ion to give phenyl azide and nitrogen (13). 
While the expected mechanism would involve the loss of nitrogen from the diazonium 
ion just as nitrogen is lost from the diazonium ion in the formation of aryl halides in 
the presence of halide ion, a study of the mechanism with labeled nitrogen showed 
that this was not the case. 

To study the mechanism, of this reaction, three experiments were carried out in 
which the nitrogen atoms, a, b, and c, were labeled in the respective positions shown 
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below. The experiment in which the nitrogen was labeled in the “‘a” position is illus- 
trated in the reaction scheme. Isotopic analysis of this experiment, combined with 
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the reactions in which the labeled nitrogen was in positions “‘b” and “‘c,”” showed 
that Path I and Path II were followed. The reaction did not occur as expected, but 
probably proceeded through the formation of the unstable pentazines. 


PhN=N=N==N=N| and | Ph N(=N)—N=N=N 
oi tes S a b 8 l¢ 


Proof of the nitrate ion in liquid nitrogen tetraoxide has been demonstrated in the 
following manner by Clusius (14): If labeled tetramethylammonium nitrate, 
(CH;)4NN"Os, is dissolved in anhydrous liquid nitrogen tetraoxide, a quantitative 
exchange of the nitrate ion occurs with the solvent. Since ordinary quaternary 
ammonium salt is isolated, it is concluded that, in order for the exchange to have 


occurred, the liquid nitrogen tetraoxide must contain some nitrosyl nitrate, NO-NO;, 
which dissociates into the ion-pair, NOT-NO;~, and the free ions, NO* and NO;~. 
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Note: The subject matter contained in this Budletin is for information only, 
and none of the statements contained herein should be considered as a recom- 
mendation for the manufacture or use of any substance, apparatus, or method 
in violation of any patents now in force or which may issue in the future. 
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